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Animal Science/ Original Article
Herbage accumulation and 
canopy structure during 
stockpiling of Marandu, 
Piatã, Xaraés, and Paiaguás 
brachiariagrass cultivars
Abstract – The objective of this work was to compare herbage accumulation 
and canopy structural characteristics during the stockpiling period of the 
Marandu, Piatã, Xaraés, and Paiaguás cultivars of Urochloa brizantha. The 
experimental design was completely randomized, with three replicates. The 
experiment was repeated for two years (2017 and 2018), under mechanical 
cutting conditions, and the canopies were stockpiled for 90 days, from March 
to June. In the first year, forage mass was higher for the Xaraés and Paiaguás 
cultivars; however, in the second year, Xaraés showed a forage mass higher 
than that of the other cultivars. The number of vegetative tillers at the end of 
the stockpiling period was higher for Paiaguás, contrary to what was observed 
for number of reproductive tillers. The herbage accumulation rate was higher 
for the Paiaguás and Xaraés cultivars. The Paiaguás grass stands out for its 
high herbage accumulation rate during the stockpiling period and for its 
higher number of vegetative tillers and lower number of reproductive tillers 
than that of the other cultivars.
Index terms: Urochloa brizantha, canopy height, flowering, herbage mass, 
tiller. 
Acúmulo de forragem e estrutura dos dosséis 
durante o diferimento das cultivares Marandu, 
Piatã, Xaraés e Paiaguás de capim-braquiária
Resumo – O objetivo deste trabalho foi comparar o acúmulo de forragem 
e as características estruturais de dosséis durante o período de diferimento 
das cultivares Marandu, Piatã, Xaraés e Paiaguás de Urochloa brizantha. O 
delineamento experimental foi inteiramente casualizado, com três repetições. 
O experimento foi repetido por dois anos (2017 e 2018), sob condição de corte 
mecânico, e o dossel foi diferido por 90 dias, de março a junho. No primeiro 
ano, a massa de forragem foi maior para as cultivares Xaraés e Paiaguás; 
porém, no segundo ano, Xaraés apresentou massa de forragem maior do que a 
das demais cultivares. O número de perfilhos vegetativos no final do período 
de diferimento foi maior para Paiaguás, contrariamente ao que foi observado 
para número de perfilhos reprodutivos. Já a taxa de acúmulo de forragem 
foi maior para as cultivares Paiaguás e Xaraés. O capim Paiaguás se destaca 
por sua alta taxa de acúmulo de forragem durante o período de diferimento e 
por seu maior número de perfilhos vegetativos e menor número de perfilhos 
reprodutivos do que os das outras cultivares.
Termos para indexação: Urochloa brizantha, altura do dossel, florescimento, 
massa de forragem, perfilho.
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Introduction
Stockpiling consists of excluding an area of pasture 
from grazing, usually in late summer and/or in autumn 
in the Southeastern and Midwestern regions of Brazil 
(Silva et al., 2016; Afonso et al., 2018), in order to 
guarantee herbage mass to be grazed during the period 
of scarcity, minimizing the negative effects of the 
seasonality of herbage accumulation (Nave et al., 2016). 
Herbage accumulation during the stockpiling period 
influences the herbage mass available to animals in the 
dry season and, therefore, is one of the determinants of 
the carrying capacity of a stockpiled pasture (Santos 
et al., 2018), whose structural characteristics affect 
animal performance (Silva et al., 2016; Afonso et al., 
2018).
For stockpiling, grasses with a lower height, thin 
stem, high growth during autumn, and low rate of 
reduction in nutritional value during growth are 
recommended (Santos et al., 2018). In general, these 
characteristics are present in grasses of the genus 
Urochloa (Syn. Brachiaria), such as the species 
Urochloa brizantha (A.Rich.) R.D.Webster, which has 
several cultivars available in the market: Marandu, 
Piatã, Xaraés, and Paiaguás. It is also appropriate to 
choose forage plants that do not flower strongly during 
the stockpiling period (Santos et al., 2018). In this sense, 
the Piatã (Nantes et al., 2013) and Paiaguás (Euclides 
et al., 2016) cultivars are suitable for stockpiling 
since they have early flowering; the Paiaguás cultivar 
also produces more forage with a better nutritional 
value during the dry season (Euclides et al., 2016). 
Although the Xaraés cultivar has late flowering (Valle 
et al., 2004), which would make it inappropriate for 
stockpiled pasture, it has a high potential for herbage 
accumulation (Flores et al., 2008). The Marandu 
cultivar has sparse flowering from late spring to early 
autumn (Euclides et al., 2008), but, if the stockpiling 
period starts at the end of March, this forage plant may 
also be a good option (Silva et al., 2016; Afonso et al., 
2018).
Of the U. brizantha cultivars, research work on 
stockpiling pasture has been carried out predominantly 
with the Marandu and Piatã cultivars. For these grasses, 
there are scientific studies that allow understanding 
the effects of stockpiling period (Gouveia et al., 2017; 
Rocha et al., 2020), canopy height before stockpiling 
(Sousa et al., 2013; Nogueira et al., 2020), and nitrogen 
fertilization on stockpiled canopies (Alves et al., 
2019; Sousa et al., 2019). However, for the Xaraés and 
Paiaguás cultivars, there is still no available scientific 
information to guide the management of these grasses 
under stockpiling.
Furthermore, although the importance of the 
adequate choice of a forage plant for use in stockpiled 
pastures is recognized (Silva et al., 2016; Santos et al., 
2018), there are no known comparative studies in the 
scientific literature on the productive and structural 
responses of the Marandu, Piatã, Xaraés, and Paiaguás 
cultivars subjected to stockpiling. In most research 
works (Sousa et al., 2013, 2019; Gouveia et al., 2017; 
Alves et al., 2019; Nogueira et al., 2020), only a few 
of these cultivars were evaluated under different 
stockpiling management conditions. As a result, the 
possible differences between the Marandu, Piatã, 
Xaraés, and Paiaguás cultivars regarding forage 
accumulation, flowering degree, and morphological 
composition of stockpiled forage are still unknown.
The objective of this work was to compare herbage 
accumulation and canopy structural characteristics 
during the stockpiling period of the Marandu, Piatã, 
Xaraés, and Paiaguás cultivars of Urochloa brizantha.
Materials and Methods
The experiment was conducted from October 2016 
to June 2018, during which the study was repeated 
twice – first year, in 2017; and second year, in 2018. 
The experiment was carried out at the Capim Branco 
experimental farm, at Universidade Federal de 
Uberlândia (18º55'21"S, 48°16'38"W, at 863 m above 
sea level). According to Köppen’s classification, the 
climate is Aw, a tropical savannah, with a well-defined 
rainy season from October to March and a dry season 
from April to September (Alvares et al., 2013). Data 
on climatic conditions during the experimental period 
were monitored at a meteorological station located 
approximately 200 m from the experimental area 
(Figure 1). The data were used to calculate the monthly 
water balance of the soil (Figure 2), considering a 50 
mm water storage capacity (Thornthwaite & Mather, 
1955).
The relief of the experimental area is flat, and the 
soil was classified as a Latossolo Vermelho-Escuro 
distrófico (Santos et al., 2018), i.e., an Oxisol according 
to Soil Taxonomy (Soil Survey Staff, 1999). In January 
2017, soil samples were taken in the 0 to 20 cm layer to 
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analyze fertility level, and the following results were 
obtained: pH (H2O) 5.4, 1.3 mg dm-3 P (Mehlich-1), 123 
mg dm-3 K, 2.6 cmolc dm-3 Ca2+, 0.6 cmolc dm-3 Mg2+, and 
0.0 cmolc dm-3 Al3+. Based on these results, limestone 
and potassium fertilization were not performed. 
Phosphate and nitrogen fertilizations were carried out 
in January 2017 and 2018, with the application of 50 
kg ha-1 N and 50 kg ha-1 P2O5. In February 2017 and 
2018, another 50 kg ha1- N were also applied. Urea and 
simple superphosphate were used as fertilizer sources. 
The fertilizers were applied in the late afternoon and 
under cover.
The experiment was conducted in a completely 
randomized design, with three replicates and four 
cultivars of U. brizantha (Marandu, Xaraés, Piatã, 
and Paiaguás). The experimental area consisted of 
12 experimental plots (units) of 9 m2, three for each 
cultivar; the four assessed cultivars had already been 
established in October 2015.
In October 2016, a uniform cut was made in all 
plots at a height of 5 cm, and plants were grown until 
reaching 30 cm (Paula et al., 2012; Nantes et al., 2013; 
Euclides et al., 2016). This height was maintained 
until March 2017 through weekly cuts, using pruning 
shears, in order to mimic a condition of continuous 
stocking. The excess of forage cut and remaining on 
the plants was removed from the plots. On March 15, 
2017, a 90-day stockpiling period began, which ended 
on June 13, 2017, during which the plants remained in 
free growth, without being cut. This stockpiling period 
corresponded to the first experimental trial in 2017.
A new cut was made to standardize all plants at 
5 cm from the soil surface, representing the second 
experimental trial, which started in October 2017. 
Subsequently, the plants were not cut until they reached 
25 cm in height. This height was maintained for all 
plants, as in the first year, until March 15, 2018, when 
the stockpiling period began, ending on June 18, 2018, 
totaling 95 days.
In the two trials, both at the beginning and at the 
end of stockpiling period, two samples of herbage 
mass were collected close to the ground of each plot, 
using a 50 cm square on the side. The samples were 
weighed and subdivided into two subsamples. The 
first was weighed, placed in a forced-air ventilation 
oven, at 65°C, for 72 hours, and then weighed again. 
The second was separated into live leaf blade (live 
leaf), live stem plus live sheath (live stem), and dead 
material; these morphological components were also 
dried in a forced-air ventilation oven, at 65°C, for 
72 hours and weighed. With these data, the masses 
and morphological compositions of the herbage were 
calculated at the beginning and end of the stockpiling 
period. The difference between the herbage masses 
at the end and beginning of the stockpiling period 
was divided by the duration of this period, in order to 
calculate the herbage accumulation rate in kg ha-1 dry 
matter (DM) per day.
Figure 1. Monthly rainfall and average daily air temperatures from January to June in 2017 and 2018.
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In the two experimental years, the following 
characteristics were also evaluated at the end of the 
stockpiling period: canopy height, height of the 
extended plant, falling index, and population densities 
of vegetative and reproductive tillers. Canopy height 
was measured using a graduated ruler, considering the 
distance between the live leaf horizon and the soil, in 
ten points per plot. The height of the extended plant 
was measured at ten points per plot, by extending the 
grass tillers in the vertical direction and taking note of 
the distance from the ground level surface to the apex 
of the highest live leaf in the tillers. The falling index 
was calculated by the quotient between the average 
height of the extended plant and the average canopy 
height.
To evaluate the population density of tillers, 
vegetative and reproductive tillers were counted 
within a 50x25 cm rectangle at two points in each plot. 
The vegetative tillers were considered those without 
visible inflorescence, while the reproductive tillers 
corresponded to those with visible inflorescence.
The experimental data were analyzed with the SAS, 
version 9.0, software (SAS Institute Inc., Cary, NC, 
USA). The applied model included the fixed effects of 
the cultivar, experimental year, and their interactions. 
For each characteristic evaluated, the analysis of 
variance was performed. When appropriate, the effects 
of the factor levels were compared using Tukey’s test, 
at 5% probability.
Results and Discussion
Herbage mass and number of tillers at the beginning 
and at the end of the stockpiling period, respectively, 
were affected by the assessed cultivars (Table 1). In the 
two study years, even with the maintenance of plants at 
the same height, the herbage mass at the beginning of 
the stockpiling period was lower in the canopy of the 
Paiaguás cultivar, showing that this grass had a forage 
with a lower volumetric density at the beginning of 
stockpiling. This distinct canopy structure at the 
beginning of the stockpiling period, added to the 
genetic differences between the cultivars, influences 
the forage accumulation rate and the morphological 
characteristics of the stockpiled canopies.
The number of vegetative tillers at the end of the 
stockpiling period was higher in the canopy of the 
Paiaguás cultivar and lower in that of Xaraés. These 
results indicate that the Paiaguás cultivar has a greater 
soil coverage potential than the other ones. The number 
of vegetative tillers of the Marandu cultivar (702 tillers 
per square meter) was similar to that reported by Rocha 
et al. (2021), when studying stockpiled Marandu with 
different initial heights and nitrogen rates at the same 
site.
The number of reproductive tillers was higher in the 
stockpiled canopy of the Xaraés cultivar, intermediate 
Figure 2. Summary of the soil water balance from January 
to June in 2017 and 2018.
Table 1. Herbage mass and number of tillers at the beginning and at the end of the stockpiling period, respectively, of 
Urochloa brizantha cultivars(1).
Characteristic Cultivar P-value SEM
Paiaguás Marandu Xaraés Piatã
Herbage mass (kg ha-1 DM) 3.376b 4.601a 4.841a 4.534a 0.0204 378.0
Vegetative tiller per square meter 1.023a 702b 562c 645b 0.0021 116.5
Reproductive tiller per square meter 17d 113b 137a 81c 0.0308 30.0
(1)Means followed by equal letters do not differ by Tukey’s test, at 5% probability. HM, herbage mass; DM, dry matter; and SEM, standard error of the 
mean.
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in that of Marandu and Piatã, and lower in that of 
Paiaguás. In the stockpiled canopies, the reproductive 
tillers corresponded, respectively, to 1.7, 16.1, 24.4, 
and 12.6% of the total population density of tillers of 
the Paiaguás, Marandu, Xaraés, and Piatã cultivars, 
which can be attributed to the different flowering 
period of these grasses. As the Paiaguás cultivar has 
early flowering, it flowered before the stockpiling 
period when the plants were frequently being cut 
(Euclides et al., 2016); therefore, it had no stimulus to 
flower during the stockpiling period, which reduced 
its number of reproductive tillers. However, the 
Xaraés cultivar, whose flowering is concentrated in 
May and June (Flores et al., 2008), when it was in 
stockpiling (free growth), had a greater number of 
reproductive tillers. It is worth noting that the number 
of reproductive tillers in the stockpiled Piatã cultivar 
was expected to be low due to its earlier flowering 
season, in January and February (Nantes et al., 2013), 
which did not occur; this can be justified by the sparse 
or less intense flowering that usually happens before 
and after flowering peaks. However, Sousa et al. 
(2019) observed a low flowering of the Piatã cultivar 
subjected to stockpiling from March to June. The 
Marandu cultivar had a higher number of reproductive 
tillers due to its accentuated flowering during autumn, 
the season in which its canopy remained without 
defoliation (stockpiling period). Indeed, Calvano et al. 
(2011) and Paula et al. (2012), evaluating the Marandu 
cultivar managed with three average sward heights 
under continuous stocking, also observed that the 
number of reproductive tillers was higher in autumn.
The values of the falling index (1.4), live leaf in 
herbage mass (21.6%), and dead material in herbage 
mass (47.4 %) were not affected by the studied 
factors. However, plant height, height of the extended 
plant, herbage mass, and live stem in herbage mass 
were affected by the interaction between the studied 
cultivars and the experimental year (Table 2). 
When tropical grasses flower, there is an intense 
stem elongation and, after inflorescence emission, leaf 
appearance ceases, which contributes to a decrease in 
the live leaf/live stem ratio of the stockpiled pasture 
(Euclides et al., 2008). In this sense, the highest 
percentage of live stem in the stockpiled Xaraés 
cultivar, as well as the lowest one in Paiaguás during 
the first year, may be associated with the number of 
reproductive tillers. According to Nantes et al. (2013), 
the stems of the Xaraés cultivar are much thicker than 
those of Piatã and Marandu, which may also have 
contributed to its greater live stem percentage.
The obtained results reinforce the positive 
relationship between flowering and stem participation 
in stockpiled canopies, which is why it is not 
recommended to use forage grasses that concentrate 
flowering during stockpiling (Santos et al., 2018). 
Therefore, in canopies with a greater predisposition 
to flowering during the stockpiling period, such as 
Table 2. Structural characteristics of Urochloa brizantha cultivars at the end of the stockpiling period during the two 
experimental years(1).
Experimental year Cultivar P-value SEM
Paiaguás Marandu Xaraés Piatã
Plant height (cm)
2017 54.3bA 48.7bA 67.1aA 49.6bA
0.0048 6.1
2018 46.9aB 32.6bB 47.2aB 36.0bB
Height of the extended plant (cm)
2017 80.6bA 70.5cA 93.7aA 68.0cA
0.0003 9.2
2018 59.7aB 45.3bB 60.1aB 49.5bB
Herbage mass (kg ha-1 dry matter)
2017 9,334aA 8,272bA 9,894aA 8,338bA
<0.0001 679.1
2018 7,317bB 7,228bB 9,116aA 6,918bB
Live stem in herbage mass (%)
2017 27.7cA 34.5bA 46.3aA 32.2bA
0.0059 4.0
2018 24.1aA 28.5aA 27.4aB 27.7aA
(1)Means followed by equal letters, lowercase in the lines and uppercase in the columns, do not differ by Tukey’s test, at 5% probability. SEM, standard 
error of the mean.
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those of the Xaraés and Marandu cultivars, a decrease 
in initial sward height and the shortening of the 
stockpiling period can be management strategies to 
minimize the flowering of stockpiled pastures.
Tiller death after flowering is usual according to 
the natural phenological cycle of grass (Santos et al., 
2010). This process also contributes to degrade the 
stockpiled canopy structure, since tiller mortality 
increases the percentage of dead stems and leaves in 
the canopy (Santos et al., 2009). In this context, it was 
expected that the percentage of dead material would be 
higher in the stockpiled Xaraés cultivar, as it presented 
a higher number of reproductive tillers. However, the 
dead material in forage mass did not vary between 
the assessed U. brizantha cultivars and showed an 
average value of 47.4%. The percentage of live leaf 
in herbage mass also did not vary between cultivars, 
with an average value of 21.6%. Moreover, the average 
values of live stem were 32.5 and 26.9% in the first and 
second experimental years, respectively. Silva et al. 
(2016), evaluating stockpiled pastures of the cultivars 
Basilisk of signal grass [Urochloa decumbens (Stapf) 
R.D.Webster] and Marandu during the initial grazing 
period, also reported similar values for dead material 
(51.5%), live leaf (26.0%), and live stem (22.5%) in 
forage mass. Under stockpiled pasture, live stem and 
dead material percentages are generally high, due 
to the long period of free growth of grasses, which, 
consequently, reach a higher development stage 
(Santos et al., 2010; Silva et al., 2016; Afonso et al., 
2018). The high percentages of live stem and dead 
material in a pasture may hinder herbage selection and 
gripping and, therefore, limit animal consumption and 
performance, even when herbage availability is high 
(Afonso et al., 2018). 
In the first year, plant height was higher for the 
canopy of the Xaraés cultivar, while, in the second, 
it was higher for that of Xaraés and Paiaguás. In the 
first year, forage mass was higher for the Xaraés and 
Paiaguás cultivars; however, in the second, only for 
Xaraés. These results indicate, in general, that the 
tallest stockpiled canopies have a higher forage mass, 
which is in line with the positive correlation between 
plant height and herbage mass reported by Calvano et 
al. (2011) for the Marandu cultivar, Carloto et al. (2011) 
for Xaraés, and Nantes et al. (2013) for Piatã.
The height of the extended plant at the end of the 
stockpiling period in the first year was higher in the 
Xaraés cultivar, intermediate in Paiaguás, and lower 
in Marandu and Piatã. In the second year, the Xaraés 
and Paiaguás cultivars also showed a higher height of 
extended plant at the end of the stockpiling period. 
Forage grasses with a higher plant height have a 
greater predisposition to falling, a characteristic that 
is associated with greater loss of forage during grazing 
(Santos et al., 2010). However, the falling index of the 
stockpiled canopies was not influenced by cultivars 
in the two experimental years and its average value 
was 1.4, indicating that the canopies did not cause 
falling of plants. The falling of stockpiled pasture 
should be avoided, as the falling index has a positive 
correlation with the number of reproductive and dead 
tillers, as well as with indigestible neutral detergent 
fiber contents (Santos et al., 2010), characteristics that 
contribute to a worst structure and nutritional value of 
stockpiled pasture.
The values for the herbage accumulation rate during 
the stockpiling period were affected by the assessed 
cultivars, being higher for Paiaguás and Xaraés 
(Figure 3). Likewise, Euclides et al. (2016) compared the 
structure and the herbage accumulation rate of pastures 
of the Paiaguás and Piatã cultivars and verified, during 
the dry period (autumn and winter), that Paiaguás also 
presented a higher herbage accumulation rate, as well 
as a higher percentage of live leaf in herbage mass.
The high herbage accumulation rate values of the 
Xaraés cultivar may be related to its greater genetic 
potential for herbage production (Flores et al., 2008). 
Figure 3. Herbage accumulation rate of Urochloa brizantha 
cultivars during the stockpiling period (average of the two 
experimental years). Bars with equal letters do not differ by 
Tukey’s test, at 5% probability.
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Indeed, in a study conducted by Rodrigues et al. (2012) 
to identify functional groups of tropical forage grasses 
through morphogenic and structural characteristics, 
the Xaraés cultivar was grouped with Mombaça 
[Panicum maximum Jacq. Syn. Megathyrsus maximus 
(Jacq.) B.K.Simon & S.W.L.Jacobs], a forage grass 
cultivar known to have a high herbage production 
potential (Alvarenga et al., 2020).
The values for the herbage accumulation rate 
obtained in the present study were lower than those of 
49.3 and 56.7 kg ha-1 DM per day reported by Montagner 
et al. (2013) and Paula et al. (2012) for the Piatã and 
Marandu cultivars, respectively, managed under 
continuous stocking during autumn. The differences 
in the values obtained for the herbage accumulation 
rate are due to the different climatic and management 
conditions of each study.
Since the climatic conditions differed between the 
experimental years, rainfall  during the stockpiling 
period was higher in the first year (253.7 mm), 
compared with the second (233.8 mm) (Figure 1). In 
effect, the average value of the soil water balance in 
the months in which stockpiling occurred (March to 
June) was also higher in the first (6.6 mm) than in the 
second (-15.3 mm) year (Figure 2). The lowest water 
scarcity during the first year resulted in a higher 
number of vegetative (851 tillers per square meter) and 
reproductive (121 tillers per square meter) tillers, when 
compared with the second year (615 vegetative and 53 
reproductive tillers per square meter). The lower water 
deficit in the soil in the first year was also responsible 
for the higher values for plant height, height of the 
extended plant, and forage mass (except for the Xaraés 
cultivar). As a consequence, the herbage accumulation 
rate was higher in the first year (49.0 kg ha-1 DM per 
day), in comparison with the second (39.1 kg ha-1 
DM per day). These results show that stockpiling is 
significantly influenced by the climate, which can 
vary between years. Therefore, this characteristic must 
be considered when planning the use of this strategy in 
a production system.
Differences were observed in the herbage 
accumulation and structural characteristics of the 
stockpiled Marandu, Piatã, Xaraés, and Paiaguás 
cultivars. Although all of these cultivars can be used for 
stockpiling, Paiaguás stands out for its high potential 
for herbage production during the stockpiling period 
(autumn), which results in a stockpiled canopy with a 
better structure. The Xaraés cultivar also produces a 
high amount of herbage mass during the stockpiling 
period, but its higher number of reproductive tillers 
and percentage of live stem in the forage mass may 
limit animal consumption (Benvenutti et al., 2008). 
Therefore, the Xaraés cultivar is recommended when 
the goal is to work with a high stocking rate in the 
stockpiled pasture during the dry season. 
Conclusions
1. In the stockpiling period, the Paiaguás and Xaraés 
cultivars of Urochloa brizantha have a greater herbage 
accumulation than Piatã and Marandu.
2. The stockpiled Paiaguás cultivar has a higher 
number of vegetative tillers and a lower one of 
reproductive tillers, conferring it a better structure 
than that of Piatã, Xaraés, and Marandu.
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